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Semen characteristics in HIV-1 positive men and
the effect of semen washing

Ali S Lasheeb, Julie King, Jonathan K Ball, Rebecca Curran, Christopher L R Barratt,
Masoud Afnan, Deenan Pillay

We have undertaken an analysis of semen from HIV infected men with regard to sperm counts and
motility, non-spermatozoal cells, and viral nucleic acid. Regression analysis showed that sperm
concentration and motility were positively associated with blood CD4 cell count. By contrast,
non-spermatozoal cell concentration (round cells) was inversely related to CD4 count.
Extracellular HIV RNA was detected in the majority of semen samples and proviral DNA in a
minority. Percoll gradient washing of 12 semen samples yielded six samples containing adequate
sperm concentration for analysis. This washing procedure reduced prewash extracellular RNA
to below detectable limits in all cases; proviral DNA present in two of the six prewash samples was
also reduced to below detectable limits after washing. We conclude that semen washing before
artificial insemination may reduce the risk of HIV transmission from an infected man to an unin-
fected woman. However, further evidence from prospective analyses of such an approach is
required.
(Genitourin Med 1997;73:303-305)
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Introduction
Sexual intercourse is the most common mode
of HIV transmission. An understanding of the
virological content of semen, together with the
impact of HIV infection on seminal character-
istics, is therefore vital.
Some authors have found few differences in

ejaculate volume, sperm density, or total
sperm output between HIV seropositive and
seronegative men.' By contrast, others docu-
ment an increase dysspermia in infected men,2
and a relation between seminal factors and
blood CD4 cell count.' There remains some

dispute as to whether HIV infection itself
decreases fertility.4 Nevertheless, it is clear
that virus is present in semen. HIV can be
demonstrated by culture, immunofluores-
cence, and polymerase chain reaction (PCR)
in seminal fluid and non-spermatozoal cells. 1 6 7
Of interest, the viral load in semen appears
unrelated to plasma load or antiretroviral ther-
apy, 8suggestive of a privileged compartment
(that is, different virological characteristics to
blood). More recently, HIV proviral DNA has
been detected in spermatozoa9 and in sper-
matogonia and spermatids within the testes,5
providing some evidence of direct infection of
these cells. A demonstration of productive
infection of these cells in vitro is awaited.

In an attempt to reduce the risk of HIV
transmission through heterosexual intercourse
between HIV discordant couples, Semprini et
all' have undertaken sperm purification from
infected men, before insemination into their
seronegative partners, with no reported cases
of viral transmission. However, clearance of
virus by this purification technique was

assessed by the relatively insensitive HIV anti-
gen detection method, and viral contamina-
tion of such cells remains a possibility.
We have undertaken a pilot study to evaluate

the feasibility of developing such a semen

washing programme as a clinical service. We
report our findings with regard to semen char-
acteristics and virological content of semen
from HIV infected men, and the impact of
Percoll washing on these factors.

Methods
SUBJECTS
Semen samples were obtained from confirmed
HIV-1 infected men by masturbation, and
processed within 1 hour of production.

SEMEN ANALYSIS
Semen factors were analysed according to the
World Health Organisation guidelines
(WHO)'0 by microscopy alone. Sperm motility
was determined by counting at least 100 sper-
matozoa at 400 x by phase contrast micro-
scopy. Motility was graded at 0-4 (10) and
grade 1-4 was classified as positive for pur-
poses of generating the percentage of motile
sperm. Spermatozoa concentration was also
assessed on diluted specimens by counting
5-25 large squares of a haemocytometer
chamber.'0 The cellular components were cate-
gorised as spermatozoa, epithelial cells, or
round cells (immature germ cells and leuco-
cytes). Round cell density was expressed as
cells/ml. No attempt was made to separately
identify these subsets by peroxide staining or

immunocytochemistry. An aliquot was also
stored at -20°C for later virological analysis.

SPERM PURIFICATION
A volume of 0.5-1 ml of fresh semen sample
was layered on top of an equivalent volume of
80% Percoll and 40% Percoll and centrifuged
for 20 minutes at 300 g. The supernatant was

removed and the pellet suspended with 0.5 ml
culture medium and centrifuged for a further
10 minutes at 300 g. The supernatant was
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Figure 1 The relation between sperm concentration and
CD4 cell counts.

removed and the pellet carefully overlaid with
0.5 ml medium and incubated for 60 minutes
at 37°C to allow spermatozoa to swim up from
the pellet. After this time, 0.25 ml of the upper
layer was gently aspirated for seminal analysis,
and frozen at -20°C for subsequent virological
analysis.

HIV NUCLEIC ACID DETERMINATION
Pre- and post-wash semen samples stored
frozen were allowed to thaw gently, and cells
separated from seminal plasma by centrifuga-
tion. Extracellular HIV RNA was determined
on the consequent supernatant by qualitative
nucleic acid sequence based amplification
(NASBA).'1 This is a commercial method
which incorporates a system control sequence
to demonstrate efficient amplification condi-
tions for each sample tested. This assay has a
sensitivity of 50 genome copies per reaction
(Kievits T, personal communication). HIV
proviral DNA detection was undertaken on
cell pellets from both pre- and post-wash sam-
ples. DNA extraction was undertaken on cell
pellets using components of a commercial
extraction kit (Strategene Ltd), validated for
use on seminal fluid cells. The resulting DNA
pellets were resuspended in 50 g1 of sterile dis-
tilled water and DNA concentration and
purity measured spectrophotometrically at
260/280 nm. HIV DNA was detected using
nested PCR utilising primers complementary
to highly conserved regions of the envelope
gene,12 previously verified by sequencing.
Conservation of these sequences across all
HIV-1 subtypes was confirmed by genome
alignment. Amplification products were
resolved using agarose gel electrophoresis and
visualised by ethidium bromide staining. This
assay has a sensitivity of one copy of genome. A
positive result was scored as positive. At least
three negative results from separate extracts
were required before a specimen was scored
negative. Pre- and post-wash specimens were
not separated into cellular and extracellular
components before freezing, and therefore
some cell lysis may have occurred during the
freeze thawing, allowing cellular RNA to cont-
aminate the extracellular compartment.
Further, we cannot exclude some RNA degra-
dation during storage. Unfortunately, a pro-
portion of samples were not stored according
to protocol and these were excluded from
nucleic acid analysis.
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Figure 2 The relation between sperm motility and CD4
cell counts.

STATISTICS
Statistical analysis was undertaken by simple
regression analysis, the paired Student's t test
for comparison of groups, and the Mann-
Whitney test.

Results
Twenty six semen samples were obtained from
16 white HIV positive men (14 homosexuals,
one haemophiliac, one intravenous drug user).
They had a median CD4 cell count of 358 x
106/1 (range 30-880) and eight were receiving
antiretroviral therapy.

All semen samples were allowed to liquefy
for 30 minutes at room temperature before
analysis. Viscosity was normal (< 2 cm). The
pH of the samples were in the range 7.8 to 8-7
(normal limits) and the volume of ejaculate
0.5-1.0 ml. Semen characteristics were as fol-
lows: median sperm concentration 22 x
1 06/ml (range 1 -2-1 00 x 106), median round
cell concentration 3.6 x 106/ml (range
1-2-4.8 x 106/ml) and median sperm motility
50% (range 10-75%). Regression analysis
demonstrated a positive relation between
blood CD4 cell count and both sperm concen-
tration (fig 1; R12 = 0.47, p < 0.0001), and
sperm motility (fig 2; R2 = 0.49, p < 0.0001).
By contrast, median seminal round cell con-
centration (including immature germ cells and
leucocytes) was higher in those men with CD4
cell counts < 400/,l (4 x 106/ml) than in
those with CD4 cell counts > 400/gl (2 x
106/ml) (p < 0.05). There was no relation
between any of these factors and antiretroviral
therapy (results not shown).
The presence of extracellular HIV RNA and

cellular proviral DNA was assessed in 12
semen samples from nine donors. RNA was
within detectable limits in 10 samples, and
proviral DNA within detectable limits in four
samples. All four DNA positive samples were
also positive for viral RNA. Two individuals
donated more than two specimens. Of inter-
est, there was concordance within these indi-
viduals for RNA but not DNA; in other words,
for both these individuals, only one of their
samples contained proviral DNA.

Percoll gradient washing was undertaken on
all these 12 samples, yielding six post-wash
samples with a sperm concentration > 1 x
106/ml and motility > 30%. These six samples
were assessed for viral genome. Extracellular
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RNA and cellular proviral DNA were below
detectable limits in all these post-wash sam-
ples, compared with the presence of viral RNA
in all corresponding prewash samples, and
viral DNA in two of the prewash samples.
This demonstrated the ability of our washing
procedure to reduce the levels of viral nucleic
acid while maintaining viable spermatozoa
(sperm concentration: median 6 x 1 06/ml,
range 2-10 x 106/ml; motility: median 100%,
range 50-100%). Round cells were not
detected microscopically in any of our post-
wash samples.

Discussion
We demonstrated a clear relation between
sperm concentration, motility, round cell con-
centration, and the degree of immunosuppres-
sion in HIV infected men (CD4 cell count) in
broad agreement with the other studies which
have demonstrated a positive correlation
between CD4 count and sperm motility per-
centage, and an inverse relation with sperm
abnormalities.23
We identified extracellular HIV RNA in the

majority of semen samples, as also described
elsewhere.'3 14 This is likely to represent active
production of virus from a small reservoir of
infected cells. In our study, the semen samples
underwent a freeze-thaw step before separa-
tion of cells from seminal plasma, and there-
fore some RNA released from cells may have
contaminated extracellular fluid. Nevertheless,
this is unlikely to have altered our overall find-
ings, since intracellular RNA will generally
represent activation of viral transcription, and
therefore production of extracellular virions.
Whether or not seminal fluid viral RNA is
infectious is unclear, since the success of viral
culture from this compartment is low'6 and
some have argued that cell associated virus,
probably within lymphocytes, is more likely to
represent the vehicle of sexual transmission.415
Our finding that HIV proviral DNA is not
consistently detectable in multiple samples
from a single individual, suggests variation in
the cellular content of semen, although we did
not specifically identify different cellular com-
ponents in this study. It would be interesting
to investigate the determinants of such a varia-
tion, such as concurrent genital infections,
since this may have a bearing on the risk of
HIV transmission.

Recently, HIV genome has been detected
by in situ PCR in testicular tissue, localised to
spermatogonia, spermatids, and spermato-
cytes although, rarely, macrophages5 and HIV
DNA has been shown to be present in small
numbers of virus incubated normal sperm.9
We have attempted to determine the source of
semen HIV DNA by separating out the cellular
component by Percoll gradient and swim up,
therefore purifying the motile sperm. The
absence of detectable viral genome in these
purified samples supports the supposition that
the virus is primarily tropic for leucocytes and
other supporting cells rather than spermato-
zoa, although our numbers are very small.

The undertaking of semen washing before
artificial insemination for HIV discordant cou-
ples is based on the assumption that this form
of purification significantly reduces the viral
content of viable sperm,'0 although, as far as
we are aware, no one has hitherto documented
the effects of such a procedure on viral RNA
and DNA. Our preliminary results suggest
that the amount of virus is reduced, although
it will never be possible to negate the risk of
viral transmission. It is, of course, true that the
detection or not ofHIV RNA and DNA in this
study is determined by the sensitivities of the
assays used. Nevertheless, a comparison of
prewash and post-wash samples by the same
assay does yield useful information with regard
to the level of viral genome present. Our
results also confirm that semen number and
quality are a function of the stage of HIV dis-
ease. With regard to artificial insemination, the
virological factors of washed semen are only
one factor. The risk of intrauterine placement
of semen must be considered, as well as the
surrounding ethical issues.
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